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THE FUTURE OF PARASITOLOGY: 
AN OVERVIEW 

customarily callccl parasites. Nor is in? assigiied subject, “‘l‘he 
Futilre of I’ar-asitolog)~,” one that is enliariced I,\, lalmt-atot-), 
data. 1 u.ill offer some’ guicral ohen~ations ant1 c‘ontrxt tllcnl 
\vitli general r\~iscloni 011 Iio\\~ lic~altli I-eiearch is coiidl~ctcd. The 
coiicertecl scientific attack OII ~~o~IIiII~~i1ical~lc tliseases is ~111 zip- 
propriate precdcllt fi)i- 1 he ~~iwt~l~nls n’c now addixss in 
pai-;isitolog~~. 

Vie clisco\~cry in tlie Iate IHOOs of’ bacteria as agents of‘ 
disease was ;I revolutionary advance, ;ilbeit not ;I sciclitific i-e\w- 
lution in T. S. KiiIin’s sense. It may lw tlie best example to date 
01. ;I scicnlific- insight I)c(.oniing a t~v(l~ictioliist f’~~tiiitl;~lioi~ fi)r 
pi-;Lctic;il atl\~ances ot’ the most s\\,ecl)iiig aiicl ii~ipoi~t:krit kind. 

nc gc”‘IN t!IcYH~y. and tlic. basic tcclinklucs fi)r tlie rc:cogr1i- 
tic)11 :Illd iSOl;ktiOII (Jf‘ \‘:iI’iOLiS S]wcies Of ]MthOgcIIic Illict~O(~r- 
g~iilisills in pure ciiltti1.c cstahlist~ccl I)\, Louis Pastellr, Kohert 
Kocll. ;illd l~et-tlin;~~~tl Colin, ga\‘c Lis ;i s\vcq)ing scicutific pain- 
ciplc Iookin~ li)r the ;kpprol)ri;itc clueslions to b~hich it ~\~0~11c1 he 
;t solution. rls f’:tr 2s 1 2111 a\\‘ai-e this l)riiicil)lc tias 11;ttl 11101~e 
irnportaiit coilst~~i~ciIccs fi)i- tlic iiil~liu~~c’iIIcnt 01‘ pIil,lic lic;llth 
tliaii any other conwpt in the histot.). of niaiikiiicl. Rut totlay 1i.e 
arc uneasy bccatise 1t.e cannot So easily replicate tliat kind of’ 
conipretiensi~~e ad\~ance fill- our remaining health prohlerns 
siicli 2s heart tlise2se. c;incer. 2nd schizoptii.enia. 
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The miracle drugs-t he ;intil)iotic-s-al.~ the most recent 

and potent example of‘ t IIC applic;ition of these elementary 

pi.inciples to h~;ilt!l ]~lX~!~lelllS. Sothing siilcc leas so l~l~oFoltndl~ 

capt~lt-ec! the piil~lic’s inl;l~in;iiioll fi)r tile justification of healtll 
t-eseal-cll o\‘er t!ie I;lsl t\vcAnt\.-fi\,e to thirt\~ !‘ears. 

The result has been increasing tens&t1 bet~\~een the ulti- 
mately \krell-toitilcled expectations of‘ public- constituencies, \\.I10 
consitlcrec! 0~11’ ad~~aiiccs in itlf‘ectious bacterial cliseases as a 
protot~‘pe of the f‘t-uit of‘ itl\‘estments in health research, ant! the 
tx2alizatiotl t!i;it k8.c do 1101 ?‘et ha\e principles of’ cot~lparai~le 
po\\.er and imnlcdiatc rclc\3nce to many other afflictions \\.ith 
k,llic!i 1t.e are no\\’ wnceri~c’cl. 

I nil)ortant \\,ork has bee11 going ahead stcatlil!., but coIlI- 
paixxl to the t-c~~oliitioii;ir~~ ad\xnces of the first part of this 
centtIn it seen~s to tx progt‘essitlg in a lxiinf‘till\, SIC)\\. f’astiioll. 
At the,’ s;it116 time 1t.e !la\,e \\.itnessec! espont‘ntial increases in 
go\~erntncnt in\.estmcnts in health research, and the clisparity 
bel\vee~i anticipated scientific disco\xries alld the level of fund- 
iilg is broirght forcef‘ul!~ to our attention in e\wy budget cycle 
of‘ the Co11g1ws. 

Tlic inti-otluctioll of‘ t!le germ t!leory of‘ disease led to a 
rapid pt~netratioll of‘ one large set of public I~ealtll 1~roblenls. I 
hold the \,ie\V tliat it is pt-ccise!>, in parasitic iiif’ection that \\‘e 
!i;i\~c tlrc. iic’aix3t aii;ilogiie to ttiat kiiltl of‘ oppoi-tuiiit!~. h,I!, 
major l)renlise is tltat \\,hen our understanding of’ the eukary- 
otic agents ot‘ infection can t)e brought to a comparable level of‘ 
tle1)th ant! insifilIl-~‘~~l~ll~li“;““‘l t,).* the f.acts that parasitc’s are 
intlrcd c~I~;I~~~~~I~s, of‘t~n iirtuc~llular in I~at~ital. and rcsen~blc 
tlic nir~t~i!~o!ism of‘ tlie host ~iit)re closely that1 do !mcteri;i! 
lxkrasites--\\.c I\,ill see ac!\~anccs as s~icltlcn allc! as spectacular as 
\\‘ci‘c achic\~etl [‘or niost of‘ tile lxicterial iiifections. 

l’hcre are of course inany piml3lems. On the social and 
political side is tile tic3 that the Uilitod Slates is no longer a 
colonial :rnc! inipci-ial l)o\\‘c‘r of‘the style tliat Ilad strong nloti\‘a- 
tion to find cui~c’s 1’01. tliseascs tha: ~~~ixxikeci !ia\uc iri tropical 
colrllll~ies. \i!hilc 1,ronIotillg c!ccolor~iz~~tio~~ \Vc Ilave sl~aIllc~f‘Llll) 
lleglcctctl our !iiim;in i~~s1~o~~sibili l~~ lo allocate wso~~rccs to help 
solve the health 1~1~01~1c~1iis of‘ tlie dcvclopillg \\.oi-ICI, f’or the) are 
IlOt at tile t‘ort.l‘lx~llt of COIICC’~II ii1 the health statistics of‘ oul’ 

collntr\.. But e\‘cn tllat probal~l~ unc!ul\~ minimizes the impact 
parasitic ilifection \vill continue to tia\,e, c\‘cri on tlie healtli of 
0111‘ o\\‘ii citizens and li\,estock. 

l‘llc assemblage of‘ sciciitists at tliis coiif~~i-ence is testinion!. 
10 the cap;rcit\~ to nlol~ilize ;I di\.ct-se set of‘ csperienccs ant! 
intellcctua! resources. If’ the nlatwial resources could be made 
available, u+tli the kind of nkrcleation represented here. \‘er Y 
ra!)iti progress. a \,ci-itable ne\v \V;IL’C of‘ researcli, \\70ulcl at this 
poiiit be inr\~itable. 

But the political obstacle is serious, and I do not under- 
stand \\.!I\, it is so difficult to get a broader range of public 
support for the kinds of questions b.itti Ivtiicti we al-e mutualI\ 
conce~~iiccl. l’erhap.4 Lv~ still have not transmitted e\‘eri tile bare 
f‘ac.t\~;il mtssagc that malaria r-emains the \\:oi-Id’s most inlpor- 
tant tlisc:ise in teriiis of‘ its impact on tlie healtli, \velf’are. ant 1 
e(.oiioitlic and social de~~elop~iirnt o!‘ \‘;ist numbers of people. 

C\‘e n~ust further not overlook the fact that e\‘el~ Lvhile the 
Illanagenlent of‘ bacterial infectious disease is a paragon. c~111‘ 
self~-cotlgl-;~t11latioll lnust be tempered, for ive have by no means 
dealt k.itli 211 tilt health prot~lcrns in this countrv. We \vill 
protxibl~~ see cwn inore of thetn in the f‘iiture, wit’13 the COII- 
tilltied ant! rturrent emergence of‘ antibiotic-t-esist;lnr strains 
of‘ ii~ict~ooi~g;iiiisriis aiid, cltiite possibly, ik-itli the ei~iergence of 
iicu‘ diseast3 alit! infections caused by other aspects of the 
cc~iltiniiing t~volutiori of that huge part of the biosphere 
reflectecl 1)~ the ii~icrobial \\.orld. 

III a \\.a~‘, I consider WI‘ present management of bacteria! 
infections, partic:Lllarly tuberculosis and leprosy, a disgraceful 
tc3tiilioti\. to tlic iriadecluacies of wr scientific base. In part this 
is ;I r-eflectioii of’ tlie itisuf‘ficicrit penetration of available scien- 
tific nl~thotlology in this field. I nlav be \\‘rong, but I believe it is 
barlx~rous tllat \ve continue to use an agent such as BCG vaccine 
fi)r l;irge-scale tuberculosis ininiunization campaigns at a tinie 
\\.hen t1lc.l.e is march snore 1Q.e should krlo~\r about the lliology of 
tile orgatGsnls uset! in BCG. We shoulcl go much tnore deeply 
iiito the question of‘ !lo~\, to purifv tile con~lwrients so \vc ina) 
llave ;I choice of‘ strains, mechanisms of’ pathogenesis, and so on. 

Fiascos SLICI~ as tile one iI1 India, as revealecl in a recent 
\l’orld HcAth Or~aiiizatioii st~~d~~, are irievita!)!e if 1t.e are to go 



160 STAI-C’S OF PARASITOLOGY 

As f’or tcpro”~‘, ;I f.ar 1iio132 ef‘fccti\,e lilie of iii\xxtigation 
c-oultl be con~luc~d \vith genetic ;inal!~sis of. I tjc infection. 1S.c 
fnce the serious ctucstion cJf‘tio\\, lo dc:il \viIti an organism lti;it is 
so peculiar iri ils r:ingc of‘ sItsceptible species. I cl0 Iiot know of‘ 
;~n\’ ottier ;irc;i of‘ biology. lha1 liliks ttic armadillo afitt Itie 
tlll’IllaIl. 

‘fo deal \\sith either leprosy or tuberculosis requires a 
clwlxr kno\\~teclge of the behavior ofc~ur cellular defense mech- 
anislns than IVC have al the presenr time. Getting the organisms 
into l>L~re c.ulliiIx‘ is onlv ltic starring poinr of‘ cfYf.ccli\~e science. 
As 50011 as LYNX get that deep into humail physiotogv \\‘c are 
tlealitig \\,ith p;~r;\dignis of’ in\,estigatiol1 f‘ar more intricate and 
dif’lic:i~tl t tian, f;)r es:lliiple, gro\\‘itig a diphtheria or-gatiisni in a 
tcsI tube aiicl fitIcliiIg it procluces an esotosin that \lSitt kill 
guinea pigs in Ii-ace aniounts. 1.t is of’ co~irse no accident that, 
f’roni ;I h~orltl t)uhlic~ health peI-specti\,e, these bacterial illfec- 
Cons are intractable residues that bear ail interesting resem- 
blance to the parasitoses. 

There is litid!. to be ncccltess tension between the perspec- 
tive of rhc cstx7imcntal, t~~t~oi-~iroi-~~-o~~ie~ilecl in\.estigator. on 
the one h:inct, \\.ho thinks of‘ t~;irxilolog~ 2s ;in exciting, chal- 
leiiging pln~.groii~itl f’oi- liliking biolog!., life cyle, niicrobiotogy, 
ccl1 biolog)., ztntl dc\~clopnient~it aslxc’s of‘ a f;iscinating group 
of’or-~ariisliis--\\hi~tl, I,), ttic. \\ay, haplxn lo tiavc public I>caltti 
iml~lications--;itl~l, on tlie other h;tnct, that of the sanitary, 
prlblic tie~rltti-01.i~ntc.d rccc;ii~cticr \\,tio quite corvec-tly points 
out that major ;icI\.ances in public health ttiroughout the \vorld 
cletx~lcl f’ar more on eii\+ro~ini~nt;il ni;in;igement, sanitation, 
and inlerruptillg the ecotogical txilferns of‘ o~tr parasitic life 
cycle than on specific theratxulic measures alid illtt’rvelilions 
of‘ tiiilnaii physiology. 

HOth lJcrst>ectices are ;tbsotutety indispensable fhr further 
t)r()gr~ss in Ihe field because. evc~i \\.ilh ;I global public health 
ol~ieiilaliori, tile \‘astness of‘ tlIc stakes is matchccl only bv the 
y:lStllCSS Of‘ ttlt! elX)l-s that c;11i t)c maclc \vtieli pryp;ims 31-e 
I~l()ll~llCd \\.it bout ;In ;idectu2te base of‘ biological irisights ;ls to 
ttlc IliltUI‘f2 ;lIltl I~)cti;i\.ioI- of ttlc rele121i~ ol.gaiiisliis-\\tlethel- ;it 
the ccx)logic:il or n~olecul;~r Iw,el. 
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The concept that it is possible to eratlicatc atnlost arl> 
kno\\.n disease is a treacherous one. although smaltt~os is kin 
esample of‘ a disease \\rith \rer\; stwcial peculiarities that mndc it 
most 2niel3;lbte to er;iclicntion. \Vc should keep our fingers 
crossed, tio\vc~x=r. k-arise 5\ve do not know enough about the 
generics and the e\T3lution of that particular virus or its 
af%nities \vith other- viruses of the h~orltl. Sol- do \\.e know 
eno\igh about Ltie moleculai- biology of the I~irolog)~ of 
smalfpos, con~pal-cd rc) other related viruses, to be terrain tllat 
outbreaks will not recur. One should be Ivary about the pros- 
pee’ of‘ the de\~elopment of a global herd rhat twenty or ttIirty 
years froni now Lvitl not have bee11 immunized against 
smallpos. 

The possibilit), of‘ rhe reevolution of the snlallpos \.irus 
must be rii~~tctietl against the de nova emergence of ;I Lvide 
121ige of‘ otticl. \.iriiws. e\‘enis of‘ perhaps coInp;ir;il~te likeli- 
I100d. 

It is a m;l(tcr of general conc‘crn that, as we strive for ;I 
sanitaiy. \\~oi~ld, kvc 211-e ;ilso cleveloping a I;rrSC 5xnsiriL.e tied! 
II.C are, then, scarcely giving enough rhought to the re\wlutiorl- 
;I~-> biological I-eengineering of‘ our C)LVII species, which is im- 
l)licil in efl‘ective sanitation. Nevci- 1wfoI-e in our history tla\re 
\\‘c’ had srictl large numbers of illtIi\~idu~ils k,hose imnlunologi- 
C;II csperiences a11d contacts lvith infectious agents h;tive been so 
tlrasticatlv altered because of‘ the \.ery success of‘ the nwasiires 
I\‘C are hoping to introduce. I ha\,e no idea Lvhat the further 
impli(.;ttions of that rcengillecrirlg \vitl be, but 1 do not see ho\\ 
it cali l’ail 10 penetrare other aspects of‘ the life cycle of the 
human organisln in \va>.s that \vitl nol atLvn!5 be lkTtlar h’e hope 
1’01.. 

The cluestioll of‘ large-scale control of any species through 
sanitarv IlIcasurcs-bc rtley vectors or paI.;isites-cannot bc un- 
tlerrakcn thoughtfully ivithout much deeper inquiry irllo the 
biology of the target organisms, anti particularly of their capac- 
ity fi,I- future c\~olution. 

CZ’e rnusl be concerned about otlier animal hosts for the 
parasite -11 t b ‘ 1c a out the possibility that virulent mutants or try- 
bt-ids Inay reemerge from the geiie pool of related species. Fol 
this \\.e already have the example of pandemic itiftuenza, I~~hich 
is belic\~ecl to come f‘rom viruses Iior-mrzlty rcsicient in birds. 
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Cei-tainlj, those measures used in en\,ironmerital control 
sho~~lcl in sonic \vay bypass the logistical problems that would be 
involved, for example, in providing recurrent chemotherap,~ to 
large numbers of‘ inclividuals, particularly in arex of the !\~orlcl 
\\.ith poor c’cononiic conditions, inadequate tI.anspol-t~itirJn. and 
limited medical services. We have to hncl solutions \\lhere the) 
happen to bc, not \\.here we woulcl like them to be. 

In the first instance. the new inputs from molecular and 
cell biology have their most obvious application in the iden- 
tification of purified antigenic components. The possibility of‘ 
dissecting the inalarial plasmodium 10 find those alirigeriic con- 
stituents that can be used most effectively f’or vaccination is of’ 
c‘oursc ;I \‘el-y esciling challenge, atid it is gratiL‘\.ing to see ho\\ 
rnpidl?~ William .l‘ragcr’s \iVot-k in this field is being take11 up in 
111;itiy labot~atoi~ies that are illvesligating tilnlat-ia. 

That is the most obvious npplicarion and it i\‘;is waititig iti (tie 
\vings for ;I technological breakrhrough \\‘ith \\.liich to esploi~ it. 
I hope this cloes iiot obscure a variety of other \\‘ays iii which 
t.hat type of‘ experimental biological insighr can be tnacle intlis- 
pen’sable. I call parficular attention to the virtues of li\pe \x- 
cincs. It should be possible to prepare ttictn f‘or an\’ organisni 
about which ~VC’ Ilave an intimate ktlo\\.Ic~tlge of its Iif:e c-ycl~ and 
controt of its genetics. 

FVtletl Louis Pasteur produced ;I rabies \.accinc. \vitliollt 
tJci*ig aware of it he was selecting for less \,irulent straills tJe- 
cause they ha\,e a lower neurotropism. IZ’e know \rel-y little 
todav about the molecular basis of tlw altered straitIs or IIO~\~ rhc 
proc;ldure used for cultivating then* resulted in s~tectioti fiJr- 
less virlilent n1~1tants. Alfred Sabin \\.as Ivorkirlg qu;~ll) in the 
dark when he developed ti1.e poliomyelitis vaccine. Even with- 
out knohving the fundamental biology one can proc~cxl in ;I 
certain way if one has the technology to handle the organism. 

But potential hazards lurk deep in both these situations 
precisely to the extent that we are not able to foresee what 
gctletic inlcractions are still possible for those organisms, r-\llcl 
ot’ course the facr that we stilt need vaccinatiolis for polio- 
myelitis meam we have solne residual problem r\,ittt ttiar dis- 
ease. 13y ttiat criterion the situation is far- from pert&t. 

I’el-hap eve11 1llor.e itnporl;i~~l, the cell biolog!~ of the p;lr;\- 

sites could be considered in teixi1s 01‘ Ittitlt,l-stalitiiiig ttieir de- 
\~ctot1IlleIlt. -l‘lle\. :11-e, af‘rt-i- all, euk;ir\olcs rhat go t Iii-otlgh 
ililcwsrillg and imtxJrf;iJit rlc’\~t:lot~t~~et~l;il c!.cles. It is prcciscl\ 
rhose c-\~c-lc~ that \\.ill stio\\. (1.4 targets of‘~tl~lJli~atioti for intc’r\.cti- 
liotls Ihat will dri\.c ;I \vcdgc bct\\.ecn lticil- tlt~\~elopmetlt~tl con- 
itx~ls atid nietabolisni atid our 01\‘ti. Iwcallse so much of‘ 1\.Iiaf 
ttio do i\.ill arise f‘rotn our cxJni~ncJn pti! Iog~netic origins and 
the mutual adaptalions of‘ a parasite rhat has beeil li\,itig ititi- 
~iiarel\, iI1 our bodies. 

7’he fundanteriral perspecti~~e ii)*- ati!’ rational de\~eloprncrit 
of‘ ~hetnoltiel-apeilti~ drugs merges vcr\’ cl(Jsel\, \;.ilh that of 
pesticides, fi~r rhe key to ttte contml of‘ tx;~h pests and parasites 
is an unde~xanding of singularities of rheir de\~etoptncntal 
txtia\,ior co~i~lxired to host and cwp. 

;\lioiticr ;II‘cI~;~ ~1~1 rctltls to Ix I)111 asicle--;rticl tllis is olie 
(Jf‘ tile tragt.clic5 01‘ p~iblic I~c;rllli scict1c.c it) tit;it1\’ are;15 \Vhcrcx 
tlic 111osl c‘ogetrt ilitelwctioti lxt\vecn the espet~irttcmt;il IaIxJt~;i- 
toi3’ and tlie public- Iiealth pcrspecti\~e is neeclcd-are “side 
ef‘f’ects.” I cannot think of‘ ;I more insidious csprc’ssion fiJr a set 
of‘ plleIloIlltm~l tt1;rt, far f‘iw~ii being- side eff‘ccts, incwasingt~ 
cloniinatcs our ccnlral policv concerti5 ;iboiit rhc pro\‘ision of‘ 
agents to large IxJlJulatio~is. 

Mention of‘ ttie drug h~cal~tllone gi\.ch soiiie riotioll of‘ !\.tiat 
I am referritig to. >lan!. sucti contro\.ersies arc i*nl~os~ilJle to 
WSOl\Y At the t,I’escIlt stage of‘ 0111‘ kno\\~lctlgc (Jf’ collltmxi\~c 

rosolog;., of‘ ho\v to esmpolatc dara otmitietl undct. controlled 
IatxJi~alor~. cotlttitions--attcI thct-ef’ore pcrf’orcc on ;I limited 
~~irnlJlcz cJt: ilitli\,iduals, idc;ill\, ~io~iliiin~aris--to \vtiat the risk !\rill 
Ix ivtien Ia~ge t~opula~iotis are esposecl. 

3‘oda!~, particularI> , \\,hell clues’ions 01‘ source, on ttic otic’ 

Iiancl, alit1 mrgec, 011 rtie 0I tictr. of healtti ixwat-ch raise so niaii>- 
political t~~xJl~lcii~s, there is so Illtictl latelit ctistl~ust that tile 
IxJtcilIial magnirutle of tlie so-callect side effects doniitiates the 
si[iiation 11101’e and tiioIx2. 

Side cf‘f‘ccrs slro~~ld \.cr\’ pleat-Iv oc~up~~ cctitcr st;~ge iii 211 
es;rnlirI;iriotl of ;iti\’ t~t~ogI~;iiii 01. prac’ical ilitci-\.cillion, rathei. 
th;in t,V lel‘t to tlic last Itrinitte ;i.s ;i kilicl (Ji mop-up acri\,itJ. b~lletl 

ttlc. ctiIestioI1 is ixisetl of‘ \\!ic.tht~t- unIo\\~;itxl cl‘tcts I1a1.e I)cetl 

(Jt)setT~etl ill ;itI clJitlen~iologic~~l sur\‘tA!-, 01‘ \\~llCll a lat~orart~I~\ 
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animal is foriild to exhibit an iinrxpected side effect. The issue 
for ph~~siologicall~~ po’ent chemicals is nor whether they \\.ill 
have “side effkcrs,” but the details of potency, morbidity, and 
relntionshil~ of risks to benefits. 

An!, ;IgcIIl distribiILed to a great man!’ individiIals, iindei 
the inevitably poorly conrrotlerl contlitions of’ ;I public healrh 
l~rogram, is bound to elicit some kiIltl of‘ impufcd hazard. Ho\\ 
can one bc forearmed against this in \\ays that enable 2 rational 
examination of’ whether the danger is real or not? That is 
something rhar needs to be brougllt into our studies at the 
earliest stage. Siiiiplc cnil~iric~I1 history tells us that, Iinfaitingl~~, 
such accusations \vilt be niorivated and \vill be lodged apiiist 
an\. agent introdiic~d iindci- those ciI~cuIiIs~;Iiices. 

’ Finall>., soinc r~flcctioiis on Incdic~It progress iii other fields 
that iiiav bcai. sonit I~elatioI~shil~ to Jvhat \\;e hope iii;i!~ resrilt 
I‘lX,lll this colIf’~l~cllc~c. 

All of‘ us \\.ho stI-i\,e for ;I rational model of’ the universe 1k.e 
are esploi-iiig, arid \vlio work tiarcl to iiilpi-ovc the iiiiderpiii- 
nings, biological iII~ttcI~staIi~tiIig, aiid ctieinical exl~t~ination of‘ 
phenon~ena under stied>., believe that in the long I-1111 the use of’ 
basic- science f<)r hc;lltlI impIw\~cmcnt is the most imporfant 
route. 

The l~I~obtcIn is that things liarttI>, c\‘er \\roi-l; tliat k.ay. t f‘ 
one csaniines the history 01‘ discoveries in the health field one 
finds no nioi~e 1ti:iIi a niinoi- sprinkling of ciI~cIInistances \\.tiere 
the f‘i-anie\vork of‘ biological theory in any clepth preceded 0111 
iIIIclei~st~IIicliI~~ 01‘ ho\\. to appro;ic~t~ ;I l~;Irticiil~II~ disease. 

The oiI~st;iIicliIig exceptions to that rule are the clisco\~cries 
of‘ Pasteur aiitl Koch. They had their o\vn prehistories of initial 
discovcl-its of b;icteri;it agents of‘ specific diseases. That terri- 
l01.y tI;iviIIg twen olwned up, iii a few cases there \\‘;Is a crude 
theorekal fi~iiieu~ork for I‘IIrttier exploration. But if we go 
back to 1830 instead of 1880, in terIIls of‘ examining the history 
of lhat l~tienoIi~eIIoIi. it falls \\,irhiIi the paraclign~ 1 aIn about to 
csl~lus. 

Almost e\.ery important atl~~~nce in health pr;Iccicc. and in 
science generallj, has emerged through Pasteur’s paradigm, 
that is, “chance f’zivors t/w pwp~wtl miml.” (I ~vould substitute 
“practical observatioI1” for “chance.“) That priIlciple may be 

described ;is the IiatiIral histoi-v 01‘ l\.h;Ir one sc’cs iII tllc test 
tube , at the betlside, in the field. or in public hcatltl obWl-\.;I- 
lions of‘ ;I disc;Isc: the conf‘rorIt;ItioIl \\.irh I-Cal pI-oblcllls: coil- 
II-acliclioiis of one‘s tlieoi-elical espectarioiis; iIlsigtIls :rboiit tli- 
rc.c.tioIis to take; essetitiall\, cmpiI-ic.21 tlisco\~er\. iII ItIc iIiili;il 
iiistancc. \\‘ithoiIt iInIncrsk~n iI1 ;I r~ither blXkt \\‘a! iii the 
complex s\‘stenl i1-e ai-e tr).iIig IO deal \\.ith \vc siInl>t>, \\,ilt I101 
hiri~e the encounters to pro\~itle the ;ins\\.c’rs. 

Those insights, those hop’s, \\ilt be parat)7ed at the outset, 
ho\ve\~eI-, if they ;II-e not accompanied b), Ihe most sol~histicaterl 
tools for further ;IIialvSiS. The discrepatlcicls in our \\.orld lie\\ 
nl;Iy not e\‘en be recognized unless a well-constI.ucte<l theoreti- 
cnl framtw~ork csists to begin u,ith. Their l’urtheI- exploitation 
\\.ill iiol be possible l\.ithout inaiiy niow basic scientific f‘uncla- 
IIwIItals ihan \vc 21-e able to offer 211 a given time. 

I tia\,e begun IO despair of beiIlp able in nlj’ liletitne, or iI1 
those of Ii\‘0 or three gciierntions of our descendants, to l‘I~lfill 
the rcduc-tionist dream of‘ it biological theor\, that b.itl elIable us 
to predict the nature of disease. That has b&n ;I IIiisconccl~~ioI~ 
of the \\‘;I\’ fiII~d~IInentnl science will evenliiall~~ sol\,e all 0I1r 
l~Iwblc.nis.‘l insist ttiat \\‘e c;Innot mal;e ef‘f‘ecti\.e proglms in t tie 
csploiratioii of‘ ;iii~ of’ the u.ide \.ariet). of cInpiric;II findings 
\virtiout rtiat \‘c’rl stiird\r base 01‘ l’rirther insights. 

I;oI- this to work, rulerc needs to be good commlInication 
a11loi1g 111~ differei~t elements of‘ the systc’IlI. 1 do Ilot expect 
c\‘er\ lat~oi-aloI~~~ in\,estigatoI- 1o be able to spend ;I lot of‘ time 
k.ilti’ rtwarche*‘S \voI.king in the field, or \,icc \.ers;i. Hut il‘ 
t)cople !\,tlo arc’ StIItl~ing the natural tiislor!~ of’ disease ;II‘c not 
iII c,tose comn~lInicatioII u.ith those \\.lio understand ho\\, to do 
Itlc ti~llo~~~-iip \\‘ork i1.e \\rilt niiss the most impoiUIi~ Icacls, :III(l 
t)Ol tl he;Ilth and scicIIce u,itl suf‘fei-. 


